The ever-growing reliance on computational simulations to predict all aspects of the lifecycle of a mechanical system, from fabrication to failure, has prompted the mechanics community to self-assess its abilities to perform those predictions. Benchmark problems in mechanics that compare simulations that use different computational approaches with experiments have sprung up lately, including the NIST AM-Bench looking at additively manufactured (AM) materials (https://www.nist.gov/ambench), the Contact-Mechanics Challenge (Müser et al. 2017) considering adhesion between two nominally flat surfaces, Numisheet providing semiannual benchmarking activities in sheet metal forming (http://numisheet2018.org), and the Sandia Fracture Challenge (SFC) (Boyce et al. 2014 (Boyce et al. , 2016 investigating ductile failure. The previous SFCs have demonstrated that progress has been made in computations of ductile failure but improvements still Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC, a wholly owned subsidiary
can be made, hence the third Sandia Fracture Challenge (SFC3), the subject of this Special Volume. The most recent installment of SFC builds on previous successes and tackles the difficult problem of fracture in an AM 316L stainless steel structure. [Vol. 198, Nos. 1-2, March/April 2016] . SFC1 asked for predictions of failure in a 15-5PH stainless steel plate with holes around a blunt notch, which experimentally resulted in two different crack paths due to issues with geometric tolerances in the features. The comparison of the blind predictions and the experiments revealed: (1) most teams could predict early elasto-plastic behavior; (2) no consensus on failure model or numerical implementation was found; (3) the provided standard calibration data of tensile and fracture toughness tests were deemed insufficient to predict crack initiation, particularly for shear-dominated failure; and, (4) no team accounted for geometric tolerance uncertainties that could have shown the bifurcation of failure modes that were experimentally observed. SFC2 considered fracture in a rate-dependent Ti-6Al-4V structure with notches and holes tested at two different displacement rates. This challenge showed that in general the predictions were improved compared with SFC1 but revealed new sources of discrepancies: (1) boundary conditions, representing surface contact and friction; (2) plasticity model, accounting for sheet anisotropy and Lode angle dependence; (3) coupling, estimating thermal work coupling factor; (4) failure criteria, choosing a realistic failure parameter; and (5) damage progression and fracture morphology. The general features of predictions that did well in SFC2 included: (1) boundary conditions representing the clevis-pin connection, generally contiguous pin with translation/rotation or contact pin; (2) an anisotropic yield function; and (3) utilization of both tensile and shear data. There was no consensus approach amongst the more successful teams on thermal coupling, plastic hardening, failure criterion, or damage evolution, which was true in SFC1. Also shown in both SFC1 and SFC2 is that a prerequisite for a good prediction of ductile failure is a good calibration of plastic behavior. These two previous challenges demonstrated that ductile failure predictions can be good or bad for a multitude of interdependent reasons from computational choices to type of experimental calibration data, thus, the need for additional Challenge scenarios to identify areas of research and improvement.
The SFC3 was designed to push the envelope of the previous Challenges by comparing the computations and experiments using local measures, requesting measures of uncertainty in the predictions, utilizing AM metal that has large inherent variability compared to wrought metal, and providing micro-computed tomography (micro-CT) scans of the Challenge specimens to show the geometric variability and void content. Additionally, in SFC3 the Challenge geometry was not a set of extruded 2D features in a plate like the previous Challenges, but rather a 3D structure with internal features that could only be produced via AM processes. For the Challenge, the teams were provided with more information than ever before, including the micro-CT scans of the Challenge specimens and geometric measurements of the feature based on the scans, tension and notched tensions tests of 316L SS specimens built on the same build-plate as the Challenge geometry, electron backscatter diffraction (EBSD) information on grain texture, and post-test fractography of the calibration specimens. Also provided was information about the experimental parameters of the Digital Image Correlation (DIC) metrology used during the Challenge scenario testing against which the predictions would be compared. The quantities of interest ranged from the more standard global load versus displacement curves to strain contours across lines of interest on the Challenge specimens. The Challenge was issued to the international mechanics community through iMechanica.org and through direct e-mail to known groups with potential interest. The Challenge information is available via the Materials Data Facility (Kramer et al. 2018) . The volunteer teams were given seven months to return their predictions, longer than prior Challenges, due to complex nature of the AM metal.
This Special Volume begins with a lead article that describes SFC3 and its outcome. The lead article details the Challenge, the experimental calibration data provided, the blind predictions including their methodologies, a comparison of the predictions to the experimental results, a discussion of sources of discrepancy and areas for improvement, and appendices that provide more detail about the predictions, additional plots for comparing the predictions and experiments, and additional post-blind experiments performed. This extensive article delves into the elements of relatively successful predictions and identified sources of discrepancies. This lead article was made possible by the contributions from its 52 co-authors from 16 institutions who were the experimental and computational mechanicians for SFC3. This article was facilitated by largegroup meetings via WebEx and six section leaders, Drs. Brad Boyce, Ashley Spear, Amanda Jones, Jakob Ostien, James Sobotka, and Sharlotte Kramer. Several months of email correspondence and dedication to the topic produced this lead article that represents all of the participants' assessment of SFC3. In addition to the lead article, this Special Volume includes ten individual articles from prediction teams; all teams were offered the opportunity to submit an article for this Special Volume. Another individual article is an experimental reinvestigation of the Challenge scenario to consider the evolution of damage in the Challenge geometry. All articles included in this Special Volume were subject to the customary peer review process of the Journal.
The SFC is only possible with the volunteer efforts of computational researchers around the world. More than 50 participants from 16 institutions contributed their time and resources to support this effort, testing their skills and approaches against the same problem. They were given limited time to predict a difficult problem and then spent countless hours to support the post-blind assessment of their predictions against the experiments in the name of learning and improvement not only for themselves, but for the greater mechanics community. These participants deserve our gratitude.
The SFC would also not be possible without a great team of experimentalists, dedicated to quality and detailed work. In Sandia's This third installment of SFC demonstrates an enduring effort by the mechanics community for selfassessment in the area of ductile failure. Together, we have shown some progress over the three Challenges and have identified many areas where research is required in ductile failure:
• Stochastic and local nature of ductile failure, • Accepted shear-dominated experiments for model calibration, • Theoretical and experimental work on thermomechanical coupling, • Effect of material anisotropy on failure, • Efficient constitutive and failure models for large structures, • Quantitative comparison of full-field experimental and computational data, and • Methods for uncertainty quantification on engineering time-scales.
The success of the SFC to identify areas for improvements in computational and experimental methods for ductile failure has spurred the formation of a new venture in Challenge-type research in structural mechanics: the Structural Reliability Partnership (SRP). The purpose of the SRP is to coordinate research, share best practices, and leverage investments from multiple institutions on areas of mutual interest in the domain of structural reliability. At present, there are 17 member institutions bringing $4.2M in leveraged funding to the Partnership. In addition to hosting annual workshops and coordinating material exchange, the SRP is planning to sponsor Challenge problems in different areas of structural reliability, broadening the scope of the original SFC. The first two SRP Challenges are being designed and will be released soon in the areas of reliability in additively manufactured structures and hydrogen-assisted fracture in welded pipelines. For more information about the SRP or to become a member, you can contact Brad Boyce (blboyce@sandia.gov) or visit www.sandia.gov/srp.
